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unrelated numbers may be plausibly regarded as merely 
the probable deviations of random samplin 

Another line of evidence tending to show t e fortuitous 
character of the occurrences relates to the probability of 
the frequency of the intervals from crest to crest. or 
hollow to hollow in a series of unrelated numbers. This 
serves ria a criterion for testing the conformity of meteor- 
ological data to the requirements of fortuitous occur- 
rence. Accordin to Besson, in a series of unrelated 

% 

numbers the num % er of two-intervals is greater thttii the 

number of three-intervals in the ratio of 40 t.0 33. A large 
number of series of annual means of tem srat,ure and 

esaminetl and practically ali show ti decided preponder- 
ance of the three-year interval. 

Dr. Brooks's later conclusions, therefore, that the 
sequences of winter temDerittures? particularly as re ards 

espectetl from chance occurrence seems to be borne out 
hy the evidence presented above. 

pressure at stations in Europe and the Unitec P States were 

alternations of warm anh cold, are niainlp what wou Y d be 
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YPNOPS!S. 

The first search for a rainfall perioclirit,y was based on 3 I i ~ p ~ ~ ~ t l i ~ t t i ~ ~ : i l  
constant periodicity er iial to Turner'w earthquake, period wlii1.1i is 
exactly one-nint,li of the mean tliin-spot. period. rile n*rrults w r i -  

inronrlritliv~. Imt indirated t.hat. a fnrt.lier warc:li might. 1.1. ~ ( i r t l i  wliilp. 
Next. a grapliical method was devired by wliicli it, WLS pwi1)Io t.o 

vary the length of t.liis Ixritdicity, keeping it alw*a.ys in stel) i i . ~  t lw 
ninth Iiarmonir nf the varying siin-ccpt. period. Tlip wstillx i~l>t:iiw~aI 
were murh more conclusive. 

All the scv-tinnill rainfall avvragc.s f1.w a . u i ~ l i  I.IC t . l i c *  42 st*a.t.illiiE; tot' 1 1 1 1 .  

United Stater were rxaminerl and ta1dt.s and i-iirvw Nliowiitg tlic r w i i l  ts 
for ewli of t.liree parts of tlir 1.Tnit.d Statvrr (Kasttwi, (. 'e~itriiI .  a11t1 
Pacific) are appended tu t.lie l~aper. The fimt lislf and tlil. iart Iinlf I)i 
the rlat3 were for the nimt part. rrinsicl~red w~pratrly and a fair sinii- 
larity obtained from these stretches of independent. data. (.'tirws from 
thew separate data are plotted tqet . l i~r  in urdw to sl~ow Idainly pc~ints 
of resemblanre and of dissimilarity. The reader must judge f i w  him- 
pelf whether these rrwml~lanrra 1 . ~ 1 1  be accidental or miat. Iw dire toa 
real periodirity. 

The work is being vont.iniied ai111 it. is prol.iwrd t.1) esumiiic. t h i n  data 
of other coiintries and to .wan4 f i ~ r  other ~ w i b l r  11arniimio-s 1.d tlic 
sun-spot priod. An era~ninatio~i of ternlierat Lire ihki is UISU plaiiiird. 

INTRODUCTORY. 

In August, 1915, lh. -4. E. Douglnss read a very inter- 
esting paper before the Berkeley meeting of t$e Aniericnn 
Astronomical Society regarding an inves tigntion of the 
growth of trees in many arts of the world, indicating an 

I% seemed to me that the data collected by the Weather 
Bureau should definite1 settle such a question of periods. 
Some preliminary read% showed, however, that, ai tre- 

(2) and that if solvable it must be verv complicated. 
Other work prevented startin any actual investigation ; 

till the spring of 1919. The first data. esnmined were 
those from Lawrence, Kans., where records since 1868 
are available. Several hundred hours of work showed 

Once a stretch of five years was found which 

the seasonal curve. Another time resemblances were 
found after about 22 years. All such were easily es- 
plainable aa accidental. It seemed useless to cmry the 
work further with the data at hand. 

A paper b Prof. Turner (3), however, gave me 8 new 

for any connection. In  this pa er, ProflrTurner shows 
lainly the existeiice of ti perioyin earthquakes with a 

kngth between 14.5421 and 14.8448 months. I t  oc- 
curred to me tl int  this period might be commensurrtble 
with the sun-spot period. Upon multiplying it by 9 I 
obtained 11.13 years, which is the metm sun-spot period 
to the exact hundredth of a yew. Such an esact coin- 
cidence is very probably not Rccidentnl (4). 

11- ear period in rainfal P ( I ) .  

mendous amount of time 5 ad been spent on the problem 

then the war intervened a.nd t f le prohleni WM unt,ouched 

resemb nothinf ed another five quite closely after eliminating 

suggestion, a s though there was little if an logical reason 

. 

My next move was to examine all sun-spot data in 
order to find whether such a period also esists in sun- 
spots as the ninth harmonic of the primary period. 
The preliminary results hnsed on a constant, period 
equalling one-nint,h the mean sun-spot period were in- 
conclusive thou h possibly favoring the existence of the 
period. After &e investigation of the ra.infal1 data the 
probleni mas attacked again in a different manner and 
led to a much more positive result. This will be dis- 
cussed more fully in a later paper. The idea now came 
to me to investigate the rainfall data by the same method 
th@ Prof. Turner has used on the earthquake data. 
This method is available only after some extraneous 
idea has indicated at  le& an npprosimate period to be 
inves tignt,ed. 

MATERIAL SUITABLE FOR HARMONIC I N A L Y S I S .  

.i malsa of observational inat.eria1 when plotted with 
t.inie as Hhscissne and observed values as ordinates ma 
show no repetit.ion of the same curve, even though suc i 
I I  curve might. esist.. There may be nothing definite 
i1bout it. to indicate a period. In such cases ordinary 
met,hoda of ha.rnionic analysis become useless. This 
fnilure to repeat, values, when B period esists, may be 
duc to any one or more of the four following CRUS~S: 

(n)  Incommensur~blc! periods ma coesist. In this 

periods of t>ime there may t e R fairly close approsima- 
t.ion to such repet.it,ion. If there are three or more in- 
conimcmumble periods the ciirTe oht,ained for the data. 
is very comples. For esample, the seasonal variation of 
the rrtinfwll would be incommensurable wit.h a ossible 

such periods is known, RS in the case of the seasonal 
variation in the example above, it may be eliminated. 

Such errors 
mask a periodicit almost com letely in any one cycle 

iiumber of well-distributed phases are added though 
man cycles. From the theory of errors their influence 
will e inversely pro ortional to the square root of the 
number of cycles ad ed. 

If there are 
periods longer than the interval of the data they will 
produw much t,he same effect. 11s accidental errors or in- 
c.omnwnaurable periods. 

An 
csaniple of such :i period is the sun-spot perioj, which, 
albhougli averaginu 11.13 yews, has varied from 7.3 to 
1'7.1 years during h e  last 115 years. 

r 

('fisc the curve will never re eat itsel 7 , nlt,hough for short 

one equalling the sun-spot period. Of course, i P one of 

and disappear on r y when the K ata values in each- of a 

( b )  There may be large accidental errors. 

B x 
( e )  Long-period variations may esist.. 

( ( E )  There inrty he periods which vary in len th. 
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When any one of these four difficulties exists it is 
almost (10) impossible successfully to treat the problem 
unless the investigator stumbles upon the true period 
either by a fortunate sug estion, by some reason eutrane- 

motion. 

ous to tlie roblem, or % y the patient trial and error 
method by w Yl ich Kepler found his three laws of planetary 

METHOD USED B Y  TURNER I N  EXAMINING THE E.4RTH- 
QUAKE DATA. 

The exact form of this method is due to Schuster (7.1 
and is a slight modification of tlie one astrononiers use 
in examining the radial velocities of s ectroscopic 

recorded per month, or the rainfall per niont.h-throudi 
many years. Plotting shows no periodicity, or at, tge 
most only a faint hint of such. Some chance lea.ds us 
to suspect a period of, for example, 15 months. We can 
write the first 15 months’ data in a row BS tlie heads of 
as many columns. 

seventeenth, thirty-second, etc., in the second column, 
and so on to the thirtieth, forty-fifth, etc., in the fifteenth 
column. Each column will then contain only months 
which are in the same phase of the suspected period if it 
actually exists. 

We will refer to one such row as u cycle, and t,o the 
columns as phases. Sup ose the eriod to exist. It. mtiy 

lar e accidental errors or incomniensurable periods, &her 

hase of an incommensurable period will, in the long r u q  
ge almost evenly distributed through all tlie phases of 
our assumed period, and will, therefore, he subject t.o the 
same laws as accidental errors; namely, their influence 
will be inversely proportional to the square root of the 
number of cycdes. In  the course of four c.ycles (five years 
in our present example), their importance will be only 
half as great as for any one cycle: after 16 cycles one- 
quarter as great, etc. However, the effect of our as- 
sumed 15-month period will be equal in each period and, 
therefore, as prominent in the average as in any one 
cycle. Thus, no matter how hrge the accidental errors, 
or the variation due to incommensurable periods, the 
true va.riation from phase to phase will begin to a, pear. 
If the assumed period does not exist the mean of 
the hases will approach each other as we increase the 
num 73 er of cycles. 

This last oint gives us two very powerful criteria fdr 

(a) Having iven a large number of cycles, we may 

with those of the latter half. If the variation be red the 
curves from the two halves of the data should agee  fairly 

If tlie variation be accidental there can be only 
chance resemblance. Unless the assumed period esists 
the two halves of the data are entirely independent if 

residuals of other 

consider half the difference 
and last halves of our data 

as a measure of the deviation of the two curves from each 
other and of the amount of chance error left in each 
phase. Call this half difference d. We will have in this 
example d,,& - - - - - - dls. The probable error of any point, 

binaries and other data. Su pose that we K ave a mass 
of material-for example, t R e number of earthcpkes 

The sixteenth month, the tliirt 
first, etc., will follow successively in the first colunm, t 9- ie 

not show in a single cyc P e, proba g ly will not, because of 

or % 0th of which may be present. But the months of :my 

the verity o F our assumed period: 

compare the p f ase values of the first half of the cycles 

*well. 

phase values as above for 

on the curve which is formed from the whole of the data 
will be given by the formula. 

If this probable error is as large as half the variation 
from intiximum to minimum phase there is an appreciable 
c1ianc.e that the variation is accidental. If it is smaller 
than about one-fourth the variation, the chances are less 
than one in a thousand that it is accidental. Both these 
criteria must be a plied in any c:i.se under discussion. 

number of months; for example, lqmonths.  In  this case 
seven cycles will equal 1M instead of 105 months. We 
must s read our 10.1: months over seven cycles of 15 hases 

of the first, six cyc.les and the first 14 phases of the sev- 
enth cycle just as formerly, using all the data that we 
have for seven cycles. We will then use the month’s data 
which we used for the 14th hase of the 7th cycle again 
in blie 15th phase. Doing tiis, no month will fall more 
than a half phcise from the roper one as determined by 
blie mean of all positions. f f  we assume a period of 153 
months me will merely skip one of the month’s data, or, 
better still, average it with the two immediately adjacent. 
In  this manner any period may be plotted with any 
number of phases desired a.nd no month’s data more 
than a half phase from its proper place. 

Let, us suppose t P iat the assumed period is not an exact 

ench: t \ at is, over 105 phases. To do this we will f ir  1 each 

FIRST APPLICATION OF THIS METROD TO RAINFALL. 

One-ninth of the mean sun-spot period is very nearly 
14‘; months. I tabulated all the rainfall data from 
Lawrence, Kans., beginning lSGS, according to the 
method outlined above. The result showed a variation 
of about 13 Next P 

fairly well. Followin this I examined data from a of 

data from Ohio checked fairly well; those from New 
England a.nd Nebraska gave resu1t.e which were dis- 
cordant! with themselves. The variation of tlie sun-spot 
period now came to mind. If there were any real varia- 
tions due to sun-s ots or to a coninion cause it would 
certainly have to feep a constant relationship with the 
phases of the sun-spot period. 

Table I shows the dates of maxima and minima of 
sun-spots a.s determined by7 Wolf and Wolfer (5). It 
also shows the number of years intervening between 
successive maxima or minima; in other words, the actual 
sun-spot periods during those years. As a first approxi- 
mation to keeping the phases in ste with the sun-spots 
I plotted the rainfall between the fates of each pair of 
consecutive minima on a period of one-ninth that interval. 
For esample, minima occurred 1SS9, August and 1901, 
September. The interval is 145 months. I therefore 
used a period of IS& months between these dates. The 
nest minimum occurred 1913, Ma . This interval is 141 

these dates. When this was done I secured very much 
better results than before, so much better that I could 
not believe theni clue to accident. I obtained similar 
curves for each State the whole length of the Atlantic 
and Gulf coasts as far as Tesas. When the data of New 
Englmd and Pennsylvania were divided in halves, 
curves similar in shape were obtained for each, differing 
only in phase.. This improvement over the results from 
a constant period indicated that a more rigid method of 

er cent ea.ch side of the normal. 

ff divided the c Q ata into halves and found the two to a ee 

Kansas, from Nebras a -a, New England, and Ohio. The 

months, and I used a period o P 159 months between 
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xhases should 5 e devised before definite conclusions were rawn 
keepin constant relationship with the sun-spot 

RIQID FOLLOWING OF !C’EE SUN-SPOT PHASES. 

It is evident that the sun-spot period between the 
minima named above had values of 145 and 141 mont-hs, 
respectively. Let us examine the two maxima occur- 
rin within these dates. One occurred 1594 February 

This must have been the value of the sun-spot period 
between these dates. It! is longer than the period ob- 
tained from either pair of minima named above. yet 
it occurs as part of each of them and contains no part 
that is not in one or the other of them. We nre forced, 
therefore, to the conclusion that if continuous (6)- 

The length of the s u m p o t  period i s  continuously varying 
(2) atid a value of the period obtained betmen successiw 
muximu or w e e s s i v e  manima .is merely an. average of a77 
values passed through in. this intewal. 

If we had a curve with time plotted along the asis of 
abscissae and the corresponding values of the sun-spot 
period as ordinates, the average value of the sun-spot 
period between the niaximct or two minima occurring at, 
t, and 4 would he given by: 

an f the other 1906 May with an interval of 147 months. 

t, -. 4 = Average value = f&€? 

Jt 4 - 4 
1 

If we plotted abscisss and ordinat.es on tlie same scale, 
these average values would form squares bounded by 
ordinates throu h the dates which limited them. The 
area between tE e axis of abscissa and the unknown 
curve described above, representing the nc.tua1 value of 
the period at any date, in the interval between two 
maxima or two minima woulcl have to equal t.he cor- 
responding known square. Since t,hese squares overlap 
we know the values of a series of overlapping definite 
integrals of t.he unknown curve. From these data it. is 

ossible, assuming t.he simplest c.urve to be the true one, 
!y the aid of a planimeter, t,o construct t.he curve witdiout 
knowledge of its mathematical form. In doin t,liis it, is 

abscissse: and to measure departures from this period. 
Changing the &xis in this way merely chan es all the 

the 
known squares into known rectangles. It. is.also prac- 
tical to magnify the scale of ordinates very much over 
the scale of abscissse. Loc.ating the curve consists lirst, 
in measuring the area of each of the rect,angles: then 
penciling in what ap ears to be tlie curve, measuring the 
definite integrals n? the approximate curve wit.h the 
planimeter; erasin for a new approxiniation and repeat,- 
m g  many times. 5 n  the curve of sun-spot values repro- 
duced as fi ure 8 I have erased each pa,rt of t,he curve 

rocess with enough patience yiel s very good resu1t.s. 
h e  accurac of the period curve depends upon the 

are obtained. A steep, but, narrow, pet& such as t.lia.t, of 
3561, may be unreal for t.his reason. However. due to 
the short duration of such B peak arid t.he fnct t.1iti.t it 
must a.lniovt immediately be counterbalanced, there will 
be little effect in data est.ending over ti. lQng range. 

In the preceding aragraph I have spoken of the sun- 
spot period st any &tt.e as R varying quantity not. even 

easier to choose some convenient period as t E .e asis of 

integrals by a known c,onst.ant aniount and cinnges Y 

d probably a % undred times. Althnu h very laborious, the 

accuracy wit K which the epochs of masima and niininia 

approximately constant through a sin le c cle. This 
may necessitate a definition of “periodg sozewhat dif- 
ferent from what is ordinarily understood. I therefore 
give the following definition which will be adhered to 
whether referring to sun-spots or rainfall. 

The period at any date 2s the rate o j  eh.ange o j  phase at 
that date and need not c0ntinu.e even approrimately th.rough 
a complete cycle. 

From this curve I have taken the mean value of the 
sun-spot period for each year. These values are given as 
column 2 of Table 2. Column 3 gives the de artures from 
15 mont.hs of one-ninth h s e  d u e s .  B bviously, 15 
months WRS chosen because it is the nearest integral 
niiniber of niont,hs to one-ninth the mean sun-s ot period. 

esample, the number iven for any year in column 3 were 

the sun-spot period was 16 months. If it were -9 it 
would nienn that this period was 14 months. In the 
first, case it wonld be necessary! working on a 15-phase 
basis, to skip n. month every 16 months as long as the 
period persisted: in the second case to re eat one every 

be repeat,erl.in the analysis of our rainfall data when the 
ninth of the sun-spot period is less t-han 15 months, or to 
be skipped (,or better still, averaged with the two adjacent 
ones) when the nintsh is more tshan 15. in order that 
Wolfer’s sun-spot maxima may all fall in one phase and 
his sun-spot minima is one. 

In t.liis work I have in each citse avemged t4he month 
to he ski ped wit’li trlie nionths immediately adjacent. 
instead o P act,unlly skipping. Thus t.hree months’ data 
give two phases. the result desired throu-h skipping, and 
nll data is used. There is, however, si& a slidits gain in 
accuracy that, I clo not believe it worth t.lie skght est.ra. 
work involred. If t.his is clone the inasimn of all t.he 
cvcles of t.he sun spotq will ti1wa.j~~ fall in one phase of the 
s k  ected ritinfa.11 vnriation and also the niininia in one. 

n month or so. nnd I ha.re t,herdore considered t,lie placin 
of them wit.hin one phme from t,he mean as a perfect, checfi 
in deterniinin t.he months Do be a.vert-tged or repeated. 

thr? position of 11. mctsimum or a. niinimum it would mean 
t.hnt there wn.s a slight error in the curve a.nd that it- was 
necessnry t.0 np ly islight n.d’ustnient fsct.or t.0 the values 
of t,he period ta f -en from it. i n  no case have I had n large 
fn.ct,or t.o apply. thereby showing t,liat. t,he curve RS con- 
st.nicted was npproximat,ely correct,. Indications from 
t,he work esplairied nbore are that t,he period taken from 
it. c.m be relied upon to within t.hree or four months m t l  
t . h t  such errors as do occur are cnnceled in most cases by 
ones of op 0sit.e sign before adjustment has become 
serious. Ta $, le 3 shows which months I have averaged 
aiid repeated in t.he analysis of the rainfall data of each 
Stcite of t.he Unit.ed States. It is probably useless to 
emphasize t,hat there was no change in t.his table for any 
of the 42 sections into which the Weather Bureau has 
divided the United States. A t  first thought the results of 
Table 3 mil of figure r) are startling. However, an 
inspection of the much greater changes in tShe period which 
hnw persist,etl t.liroiigh entire cycles during the last, 115 
years. namely, from SS t o  20.5 months. show that. t,hese 
writitions through short, periods of  time are to be ex- 
pect,erl. Moreover, there is no way t.o draw a curve 
et\t,isf;fyiu:: t.lie neressriry conditions auil having smaller 
rtiriat.iona, unless possibly by introducing more points of 
inltxiniu and mininin upon it. Such tt complicstion would 

The unit for column 3 is one-ninth of a mont R . If, for 

+9, it would mean t a at, during that year one-ninth of 

14 months. Wre can thus construct a tab P e of months to 

R o  7 fcr’s ~a.lues of masimn. mcl minima are uncertain by 

Should there R e n greater error than this in dehmining 
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he much less robable than the variations shown by the 
present one, a K of which varia.tions are less than the varia- 
tions from the mean value of complete cycles of approxi- 
mately 11 years have been in the rather recent past, as 
shown by lable 1. 

THE RAINFALL DATA ESAYINEI). 

I have examined all t.he rainfall averages given for e:wh 
of t,he 42 sections of the United Stat.es in the Monthly 
Cliniatologicttl' Data published by the Weather Bureau. 
The dates of heginning of all sect.ion records are shown in 
, r d 2 S 4 d 6  7 8 9 I O / / / Z X I N / 5 /  

I I I 

FIG. I.--Uian~~thcd min l~ l l  nriatioii lur 9: Ihslcrii f tatrs. 7'uii&u!ieiit:iI ]wiirl 
cquals or:eninth svn-spot period. Halves of diltn rhnwn st\pnr:itely. 

the t.ables ttccompanying this artkle. Of tours(', since 
the epoch of sun-spot minimum i s  alwa-ys in the mnie 
nunibered phase, i. e., phase 4, one section will lwgiii its 
record on, say, a phase 1 ,  another on a phase 7, etc. Care 
must be taken to work back,using Table 3, t,o get thc 
initial dntn .properly laced. All these data haw bccn 

as outlined above, re eating nr averaging t,he nionl,lis :is 
named in Table 3. 8f course i t  has been inipossihle t.n 
use the recent data for this work since it is necessary tn 
have both a sun-s ot maximum and miiiimiini nftcr t,he 

The last minimum occurred in 1913, tuid all dtltjii. sinc:ti 
then are thus unavailable for use in examining the esisb 
ence of the eriod. This would not be rt handicap for 

the course of the maxima and minimn could be followed 
from cycle to cycle by using means from a large nuinber 
of sections and an extrapolation made for a cycle in ad- 
vance without serious error. Indeed, in such a case it 
might be possible to predict the time of the nest sun-spot 
maximum or mininium from the rainfall data. 

Eject oj  an,nuul cycle.-In many ca.ses the residual 
left from the seasonal variation is large enough to dis- 
tort the curves materially. I have therefore, escept in 
the cases of New England and New Pork? where i t  is 
sniallest, carefully eliminated it, no matter how large or 
how small. reparecl two ta,bles for 
each section according to the E n  previously outlined, 

mined by Table 3. In the first of tliese t,ables I httvr 
used the. actual values of the rainfall as given in C!liniti- 
t.alogica1 Data. In the second I have used instead of 
each January the mean of all the Januaries and so on 

gathered to one sheet f or each seckion and then tabultitd 

Inst  date for wliic P i figure 8 is scc.urate. 

predicting, i P the period should be proved t.o esist, since 

To do this I have 

repeating and averaging in eac R one the months deter- 

for each ni0nt.h of the year. In this second table the 
mean monthly values were repeated or averaged exactly 
8s in t,he first one to give a table entirely similar to the 
first t,able. The variation from phase to phase in this 
second table is, t,herefore, entirely the seasond residual 
and contains all of it. For the average State in the 

i t  is approsimately 4 per cent each side of the 

damped out by t.he rocess of tabulating the incom- 

r1uot.ient.s of eacli phase in the h t  table divided by the 
corresponding phase of the second give us the per- 
centoge of normal rainfall of that phase for the section 
concerned t.liroughout a11 the years of the data. These 
percenbagcs have been obtained and tabulated for each 
of t.he 42 sections of the United States. In no case has 
t.here been any smoothing of results other than that 
niarked in t,he t,nbles where t,he nienn has been smoothed 
for purposes of diagrams in addition to those represent- 
ing the unsnioothecl values. All examinations of the 
rln.ta by bhe niet,hod of least sqimres have been based 
only on the unsmoothed va.lues. 

When the dztbu of the wliole country h d  been examined 

possibly clue to nccidentnl varintioxq there were t T ee 
it. w-tis found t.hn t,, ignoring minor vnriations, 

distinct groups in the count.ry, which I have denomi- 
nated Eastern Group, Pacific Group, and Central Group. 

contains 30 sections of 26 States, 

have been iiicluded with the Central Grou The 
boundaries of such groups c m  not be sharp, a n t  border 
in a.ddition. The resemblances of Arkansas and Mis- 
souri to this g~oup  are strong enough as quite 
t.o mnrrant t,lieir inclusion; or Illinois, which li e them 
clifle1.s somewhat from the mean? might quite possibly 
8tat.es might be different,ly classified by different in- 
sestig R t 01's. 

countl.i? norma, the rest of the seasonal variation having been 

mensurable period w r 1ic.h is being investigated. The 

The Enstern Grou 
einbracing all east o P the Mississippi River and Louisiana 

TiblY 

7 G 9 IO // I.? M /4 I5 
7 l / 5 / r _ L  3 +.? h-- 

I 

FIG. 2.-Cueves of figure 1 smoothed by averaging ewh phase with the two immedi~tely 
adjacent. 

Let us esamine the data of the Eastern Group as 
Phase 13 is seen to have a rainfall 

fess than normal for each of the 20 sections, although 
they estend eogra hicallp from New England to 
Louisianu and froin gichigan to Florida. Each of the 
20 has a percentage above normal for phases 15 and 1. 
Phases 2 tind 3 itre almost as unanimous. Such a dis- 
tribution certain1 does not in any way follow the law 

'l'nlf)les 5 and 6 the data from each section have been 
divided chronologicdly into halves with the exce tion of 
the two sections Maryland-Delaware and A f abama, 

iren in Table 4. 

of robabilities o 9 distribution of accidental errors. In 



78 MONTHLY WEATHER REVIEW. FEBRUARY, 1921 

where the whole interval of the data is not muchmore 
than the half of most of the other States. These two 
sections have been included in the second half of the 
data. Figure 1 shows the curves of each of these halves 
and of the whole interval as well. Figure 3 shows tlie 
same curves as figure 1, except that each has been 
smoothed by averaging each liase value with the two 
immediately adjacent. The h~ lves  are entirely inde- 
pendent. The only qwstiori to settle . i i L  proving fh,e ex- 
astence oj the period ,is whe.ther the re.se)nblanma oj' the kuo 
halves ca,n be accidental. In phnse 13 we find for the 

f 2 3 4 5 6 7 8  , 9 10 If If I3 w 15 ; //5 r V - - T  

80' I I ..- 

loqically, +mc 1 q B t i : i w  i or Enatmi Iiroiip. 
FIG. I.-Pwific Coaqt Groo ,s of tiiiie Stairs. Imtl i  sinuot.heal niid ~i i i?; i i~o~dI ied.  f'lirniiir 

first half of the data 1 nbove. iiorma.1 and I'i I J & N  
normal; for the second half of the dnt,a. 1 above nornial 
and 19 below normal. For tbe two inasiniuiii plinses 
considered above we h d  31 ciises above iiorniiil and 5 
below in t,he first htilf of the c1iit.a aiid 34 above iigaiuat 
6 below for t.he second half of tdif. data. Such reseiii- 
blames seem much too st.riking to be a.ccitlenta1. 

Since thecliff erencesof tlie hnlvcs are presumably purely 
accidental, we can take one-half of each of these 15 dif- 
ferences as a residual froni the mean t.0 determine the 

variation is 30 per cent of normal, or more t;han 10 tiilies 
the probable error. The probability of an accidentitl 
error half this size is about 1 in 1,700. Z J ~ O J L  the accppii- 
ance of the above rests almwt the '1i4.01~ proof of the ver2:t.y 
of this period. . The remaining part is given merely as 
confirmatory and to round out a preliminary invest-ign- 
tion of the whole of the United St.at,es. 

The Pacific Group contnins nine large States-Arizona, 
Caljfoimirt, Ore on, Wa.shinat.on, Idaho, Montana, Utah. 
Nevada, and kyoming. 8 e w  Mesioo resembles t,hese 
States enough that possibly it should have been included, 
and Wyoming departs enough on tlie eastern boundnry 
that another investigator iiiwht have included it in tlie 
Central Grou . The iirett o r  the whole group is in tlie 
ne' hhorhoodpof 1,000,000 squaire miles. about. bhe sailit? 

fewer Stat.-. Eac.h of tlie St,t>.t.es w t ~  exitmined ns in 
the case of the Eastern Grou . At. first. there seemed to 

as 'Ei, t a t  of the Eastern G r ~ i p ,  ttlthough cont,aining ninny 

be a disagreement between t E e two sections. However, 

when the two curves were superposed before a window 
it was found that this was merely a change in phase and 
that there was a remarkable similarit in their shapes. 

simultaneously with httse 7 of the Eastern Group. 

local conditions. In  some places rain is produced during 
t.he cold months; in others during the hot months. In  
st.ill others there is almost no variation from summer to 
winter. An rtnslagous effect in any other pe.riod of solar 
ori in would, therefore, not be improbable. 

fable 'i shows the results for each of these States. 
Phase 13 ha.s values below normal for each of the nine 
Stt-tt,es. Phases 15 and 1 have 13  values above normal to 
5 below. In  hase 5 a.11 values are above normal. In  
tlie Eastern d o u p  there were 14 above and G below in 
this phase. Such a distribution of values over 1,300 
miles of tei-ritory is not according to the law of probabili- 
t,ies of accidental errors or values. 

Tlie data of four of these States are too short to divide 
into halves. I hti.ve; therefore, not made a complete 
re ional division into halves but have divided into halves 

shows these to resemble e a 5  other y i t e  remarkably. 
Once niore each value of phase 13 is elow normal for 
cadi half of the data. Nine of talie ten values of phase 
15 are above normnl and on1 three below in each of 1 and 
3. Deterniining t,he roba le error? as in the Eastern 
Group from t,he 15 \n If differences between the un- 
smoot,lied nienns of the halves, we find it to be 5.74 per 

I have therefore numbered as one the p ll ase which occurs 

The seasonal raiiifa P 1 is due to solar causes modified by 

on 9 y the five States with lon enough records. Table 8 

,,5/ 2 3 4 5 6 7 8 0 l O l l P L 9 M I 5 /  

I 
//0" -I 

- €WSZCRN 6- 
---m.wc cmsr mw 

90 

85 

Fw. L-Fnpwprsitioii or i iisninothed ciirvw of Ea5tern slid Pacilir hast Groups. 
~hronologicallr, phaw 1 of PnrXc=phase 7 of EaTtern. 

Figures 5 and 4 show t.he super osition of the smoothed 

Eastern Group. The resemblance estends even to the 
principnl iiiinor irregularities of the two curves, indicating 
the same set of harmonics for ench. These two curves 
are entirely independent of each other, since storms cross 
the countrg in tt few days, while they differ in phase by 
ap ,rosimately six months. 

h i e  Ceiitrsl Group contains 1111 States which do not 
fall very clearly into the two roups examined above. 

and the unsmoothed curves of t K e Pacific Group on the 

As esplained before, several of 5 t lese States might easilv " Y 
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have been included in one of the other groups to which 
they are contiguous. The remaining States show some 
common indication of a group periodicity differin by 
about two phases from the Eastern Group. In Tn%le 9 
the phase values are given for these States with the 
phases numbered as for the Eastern Group. In each of 
phases 14 and 1 there are 10 Stat>es below normal and 
only 3 above normal. Phases 2 and 3 together have 16 

/,5 ’yLiLL2 -pr-S_.L@-- ” ”i’ IJ /I /5 

80 

FIG. 5.--8uperposition of smoothed curves of Eastern and PaciCa Coast cironlm 
Chronolopically, phase 1 of Paciflc=phase 7 of Eqslmi. 

values above normal to 10 below. Through this areti 
there seems to be a rapid change from fair tbgreement 
with the Eastern Group us  with Arkansns and Missouri 
to similar agreement with the Western as in New Mexico. 

Prof. Dayton C. Miller, of Case School of Appliecl 
Science, has very kindly analyzed the curves of figures 1 
to 5 on his harmonic analyzer. The results are shown :is 

80 ! i  
\: 
e 

75 J 
FIG. ii.-ViisiiicmIhml Iialvr.; ti1 the d a h  of fiw \ V t s l w i  Slate?. 

Table 10. till harmonics above t,he fifth showed, in eiicli 
case, amplitudes which were much less than the probihle 
error of the curves as determined in an earlier port. of 
this discussion. This indicated theni as spurious 11s also 
would be shown, for harmonics above the fifth or sixth 
bv reason of their short period with reference to t.he 

month, the unit of time for which our data are secured. 
The phase of each is given for the epoch of phase 1 of the 
various tables. The fourth harmonic has a period of 
approximately four months. Obviously, amplitudes and 
phases of this harmonic, derived from data which have 
the nionth as unit of time, must have large percentages 
of error. All that we can possibly secure from our 
analysis regarding this harmonic, or the fifth one, is a 
hint as to the reality of its presence. We may conclude 
wit.h fair definiteness that the second and third harmonica 
do esist, and that their aniplitudes and phases are of the 
order given in the tables. It is probable that the fourth 
harnionic esists, since its amplitudes and hases agree 

is very doubtful, so far as our evidence is concerned, iti3 
amplitudes for each of the Eastern and Pacific Grou 
being but little larger than the probable error. T E  
reason for the disappearance of the fourth and fifth 
harnionics in the process of smoothing is, of course, 
self-evidcn t,. 

It may occur to some that possibly there is a residual 
of t.he seasona.1 effect, left, in this period in some manner, 
despite the elimination explained above. There are 
three answers that may be given to this objection, all of 
which are merely the same one in different form. 

fairly well in the various curves. The f2 th  harmonic 

7 8 9 IO / I  I2 XI /4 /6 I 
I I 

I I I a 

( ( I )  In  Prof. Sch.iist>er’s discussion of the eriodo am (7) 

‘iT1iere is 21 limit beyond which it, is useless to o. Ths  

closely nd’oining values n,, and ‘ng are no longer inde- 

that independence begins when t ere is an ultimate 
disagreenient of phase amounting to about one-quarter 
of a period.” 

( 6 )  Prof. Turner has worked out the effects of any 
period on adjoining eriods (8). He divides the data 

q;  p is a period near p, such that p + z = p .  z < 1. From the 
Fourier sequence the periods p and + 1 are inde endent. 

harnionic of the sun-spot period as p. In order that 
,r may be as small as 1 , we must have p= 3. That z be 
less, requires q=2.  But, quoting Prof. Turner, “ q  is a 
fairly Inrge integer for any periodicity worth serious 
(*onsiderntion.” 

( r )  The work involved in computing the periods near 
12 months for erwh State is much greater than the value 
of t,he results. I have, however, taken Pennsylvania as 
typical of either the Eastern or Pacific Group and com- 
puted periods of 13, 13, 14, 15, and 16 months. 

l:i,:. ’I.--Pmi~~~tlied li;ilv~.; of clala or five \Vestern State%. 

method of sesrching for periods we fin a 5 . i  the fo owing: 

limit is resched when the values of A and s for two 

pendent o l each other. The theor 7 of vibration shows 

into integrnl parts an cp calls any one of these submultiples 

Let us consider the seasonal perio! as p and t 1 e ninth 

.k 
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For 12 months, which is the seasonal period, the 
amplitude of the variation is 34 per cent; for 13 months 
it is 11 per cent; for 14 months it is 12 per cent; for 15 
months it is 10 per cent; and for 16 months 17 per cent; 
the amplitude of the ninth harmonic of the sun-spot 

"he mean value of the ninth 
garmonic d u m g  this interval of years was 15.8 months, 
showing the increase in am litude at  the nearest of the 
other eriods as demanded {y the theory of the periodo- 
gram r7) or by the Fourier sequence (IO). 

If the conclusions of this aper are accepted (111,  
either as proved or as proba % le, it  is but the hegiii- 
ning of a very long search. In  this search it will be 
necessary first to examine anew all the sun-spot data by 
the method of figure 8. Having formed this period curve, 
each month's sun-spot count as gathered by Wolf and 
Wolfer must be adjusted to throw it in its 
in the cycle. This done the mean of each p ase niust be 
lotted and submitted to harmonic andysis, as has been 

sone without such adjustment (9).  Theharmonics found 
to stand out most strongly must then be used as a basis 
for a search for other rainfall periods. Furthermore, all 
this work must be done for temperature variations as 
well, unless the first periods tried yield negative results. 

eriod is 26 per cent. 

Rroper phase 

FIG. Ic.--\'srintioii of s u n q o t  yrriod. 

All this should be corn leted from the statistical stand- 

estimate is that it will require work t e equal of six com- 
puters full time for a year to complete the problem. The 
present state of the investigation makes it possible to 
pick out the seasons above normal and below normal 
with comparative1 few failures. I t  will have some 
dehi te  agriculturgvalue in Nevada, Utah, Idaho, and 
Montana in determining what years will produce crops 
on land which can not be irrigated. Should one or more 
similar periods be found, the value of the combined result 
for such places would be very 

assistance. The Research Committee of the Graduate 
School of the University of Kansas engaged Mi .  Anthony 

!L point before one even t J: inks of the 1iysic.al cause. My 

. In conclusion, I wish to t y4 anh several persons for 

Oates as a computer for the last part of the work. Mrs. 
William "haw made it ossible for me to dev0t.e m sum- 

Bureau and Mr. S. D. Flora, State Meteorolo 'st for 

me. Prof. Marvin has suggested many chan cs in word- 

clearer to the readers. Prof. Dayton C. Miller made an 
harmonic analysis of eight, of the variation curves that 
would have been impossible mathematically because of 
tlie tremendous amount of work involved. Prof. F. E. 
Kester gave a very large amount of time to discuss each 
phase of the problem with me. Any success that the 
work may have will be clue in large measure to his sug- 
gestions and criticisms. Several astronomers and meteor- 
ologists to whom the manuscript was submitted for exam- 
ination macle sug estions which have been incorporated. 
To each of these f owe niy sincereat thanks for without 
their aid the work would probably have failed. 

mer vacat.ion to researc R . The Chief of the U. S. d a t h e r  

Kansas, made a very large amount of data avai ff able to 

ing which have been incorporated to make t B e meaning 
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TABLE l.-Wblj’s & Wolfir’s tnblr of szimpot ?tinriinn niid i i t i i i i i i t i i .  

U d l b .  
144 
145 
146 
147 
1 I  
149 
149 
149 
149 
149 
1 I  
147 
146 
141 
142 
140 
138 
137 
136 
136 
135 

+ 9 
+10 
+11 
+l!2 
+13 
+I4 
+14 
+14 
+14 
+14 
+13 
+l2 
+11 + 9 + 7 + 5 + 3 + 2 + 1 + 1 

0 

+45 
+41 
+30 
+11 , 
-10 
-35 
- ~ i  

-10 
+39 
1 6 1  I 
+61 I 
+38 I 
+ s  

-42 I 

Month8 
1571 106 

72 135 
73 1% 
74 170 
75 1w 
76 lS4 
77 iw 
7s 1M 
79 1s1 
80 173 
81 161 
.S2 144 
s3 113 
s4 102 

+ 3  
+ 7  12 

20 I ........ i 

8s 
I 
90 

lo3 
SQ 
R 
95 
91 
99 

IOL 
90 

lo? 
112 

S6 
s7 
9s 

9 9 %  
100 
101 
104 
96 

loo 
loo 
9.3 
%?I 

100 
lo6 

111 
102 
109 
115 
114 
116 
119 
103 

ii 
17 
17 
21 
21 
17 
17 
13 

119 
El 
106 
119 
115 
113 
117 

113 
101 
lo2 
103 
95 

106 
101 

130 

95 
92 
93 
93 
93 
92 
99 

11“ 
114 
la3 
9s 
1M 
0 
95 

i r ~  

la3 
lo5 
119 
1ori 
101 
97 
.% 

103 ss 
103 
9s 

102 
151 
105 
116 
110 

93 92 
91 loo 
% 94 
SI 103 
s i  97 
89 99 
s‘2 
94 

100 
91 

In? 
96 
91 
94 
99 

lrr2 

111 
9s 
s5 

llV3 
99 

11s 
114 
107 
E l l  
110 

1s 
2 

111 

106 

s 
12 

99 

104 

Year. Period. 

- 

1- 
51 
52 
53 
54 
55 
56 
57 
5s 

iuonllb. 
180 
176 
165 
1M 
125 
100 
90 
93 

125 
174 
1% -- 196 

62 ’ 173 
63 143 
64 101 
65 I 97 
66 I 94 
67 ~ 93 
6s 93 
69 ’ 94 

70 j 96 

59 
60 
61 

[Copied from MONTHLY WEATHER REVIEW, August, 1920.1 

Epochs. I_ 
_- 

I 
Periods. I Epochs. weights. 

Maxima 
weights. Periods. 

_ _ _ _ _ _ . _ _ I  1615.5 
9.2 ! 163.0 

15.0 1639.5 
11.0 I 1649.0 
10.0 1660.0 
11.0 . 1675.0 
13.5 i 1685.0 
10.0 1693.0 
8.5 1705.5 

14.0 I 1718.2 
11.5 1727.5 
10.5 I 173s. 7 
11.0 1750.3 

11.3 I 1769.7 
9.0 177s. 4 
9.2 I 17SS.l 

13.0 : 1W5.2 
12.3 ~ 1816.4 

10.6 1S37.2 

12.5 : 1 s o . 1  
11.2 . 187U.6 
11.7 1853.9 
10.7 1s94.1 
141 ~ 1906.4 
11.7 I 1917.6 

10.2 i 1761.5 

12.7 ~ 1s29.9 

9.0 I lMS.l 

2 
5 

1 
1 
2 
2 
1 
4 
6 
4 
2 
7 
7 
8 
5 
4 
5 
S 

10 
10 
10 
10 
10 
10 
10 
10 
10 

‘I 
d 

-- 

........ 
10.5 
13.5 
9.5 

11.0 
15.0 
10.0 
S.0 

12.5 
12.7 
9. 

11. 
11.6 
11.2 

5 
1 
2 
5 
1 
4 
2 
2 
1 

2 
3 
9 
5 
7 
4 
9 
8 

10 
10 
10 
10 
10 
10 
10 
10 
10 

; 
TABLE 3.-Datn relwntrd or oireraqed d i i  keeping rairifall periodicity in- 

step wiih sunspots. 

Repeated. Skipped or averaged. 

...... s. 2 s. 7 
9.7 

17. 1 
11.2 
13.5 
7.3 

10.9 
E. u 
10.5 
13.3 

E. 3 ’ 

11.2 

10.2 \ 

1P71, April. 

-~ 

1873’ 1S72 Sept 4prU. 

1574’ \ r i  @it.  
1k75’ & ~ h  J u n e  Nov. 
1876’Feb h a v  ing. Nov. 
13~7: Jan.: ~ p r i i ,  jui.v,’s;op t., 

Sept. 
April Oct. 
April’ S0pt. 
Jan ’May Sept. 
Jan’’ Fed.’, M*+ Au; Sept. 

Dee. 
1S78, hlamh, June, Aug., 

Nov. 
lS79 Warrh Julv, NOV. ISSO: April, hct: 
191, July. 

1 Table 3 has used 1913.4 the date published in the MONTIILY WEATHER REVIEW 
July 1915 43:314. A &an& to the new date would slightly better the results of Table: 
5 an6 6 add 8. Since. however, the disagreement is a minor one, the tables sild figures 
wi l l  not be changed on account of this later value. 

TABLE -i.-Rmiii fnlI data qf Eastern Group of States, bg phasts. 

Phase numbers. Total I num- 
’ ber of 

I data. 
I 

I ieyh 
11 ! 15 I in 

First month aud 
year of data.1 

-- lo I l1 

Pertion. 

I 

7 1 8 1 9  

-_I- ....... -. .. 
I 

7s 
s6 
s3 
80 
w 
7s 
76 
74 
7s 
s6 
96 
81 
7s so 
79 
77 
7R 
99 
s2 
90 

0 
20 

Lv 
89 
. .  

104 
101 
llyI 
105 
l@J 
95 
97 
89 

101 
9.5 
93 

102 
SS 
s9 
99 
546 
92 
9s 
s3 
S9 

7 
12 

96 

97 

January, 1.W. 
January, 1890. 
January 18%. 
January: 18%. 
January, 1889. 
July, 1-1. 
January 1861. 
January’ 1687. 
Januar; 1867. 

Senlember. 1881. 
octobei: 1891. 

114 I 20 96 
10.5 
9G 
9s 
82 
79 
4 
L% 
80 
87 
2 
67 
81 
i5 
m 
81 I 

1: ’ 
91 
93 

2 
18 

I 
,s 

I . 

New England .......... 
New York ............. 
Painsylvanla.. ........ 
New Jaw$ ........... 
Marylaud elaware.. .. 
Virginia. .............. 
West Virginia .......... 
North Carolina.. ...... 
South Carolina.. ....... 
Georgia. ............... 
Florida.. .............. 
Alabama. ............. 
Mississippi.. .......... .I 
Tennessee. ............ 
Kentucky. ............ 
Ohio ................... 
Michigan .............. ! 
Indiana.. .............. 
Illinois. ............... 

Louisiaua. ............ . I  
99 
96 
92 
95 
90 
w .w 

109 
37 
96 

6 

January Jaiuary. 1696. 1W. 

January: 1891. 
March, I=. 
January, 1M. 
Januarv. lS3 
Jauuary 1W 
Jauuarv’ 1.937 
Januari : 1WY 

16 I 1 
4 I 17 , 14 

Above. ................ 
Below. ................ 
Mean .................. 
Smoothed.. ........... 

1 Last year for all data, 1913. 



12 

- 
12 
7h 
73 
x2 
89 
I 
9s 
51 
10.4 

13 

S9 
i3 
87 
90 
s?. 
SI 
9s 
s6 
s9 

h J 

-_ 

15 

Total 
nunilm 

rword. 

ofcpcla 
m 

Above normal.. ....... 
Below normal.. ....... 
Mean .................. 
Smoothed.. ........... 

6 
3 

111 

109 

Section. 

Y 

1 2 5 8 

-- 

11 13 

-- 
111 
101 
102 
s9 
99 
in6 
in3 
i l r ~  

on 
1MJ 
86 

10i 
99 

94 
113 
lon 
11" 
114 
gn 
116 
ia5 

93 

1111 
101 

118 
105 

d 
99 
1n.i 
9s 
91 
104 

109 
104 
113 
90 
99 
w 

91 
89 

113 
108 

9 9 9 9  
92 
n9 
S2 
9i 
94 
95 

104 
in3 

Minnesoto ............. 
North Dakota ......... 
South Dakota ......... 
Nebraska .............. 
Kansas ................ 
Oklahoma ............. 
Texas .................. 
New Mexico ........... 
Colorado ............... 

9S 114 
99 106 
108 102 
97 8s 
86 SS 
96 ,SS 
111 115 
91 95 
88 97 

Y1 
94 
s.l 
R5 
95 

103 
82 
109 
In8 

74 
64 
70 
lo? 
91 
132 
112 
103 
11.1 

r i u  9s 

sn 

92 
A:! 
w 
106 

in9 
in9 
1?3 
106 
9: 
95 
52 

Virdnir.. .......... 
West Virginia.. .... 
North Carolina.. ... 

......... 
Tennessee.. ........ 
Kentucky.. ........ 
Ohio.. ............. 
Michigan.. ......... 
Indiana. ........... 
Illinois.. ........... 

First month and 
year of dsta.1 I 1  Sections. 

! 
i 

2 - 3  I 7 10 11 

----I - 
Si 
137 
141 
1oj 
96 
109 
92 
99 
100 

4 
4 

107 

107 

in1 
122 
105 
100 
1 03 
109 
87 
101 
104 

8 
1 

104 

102 

91 
118 
91 
1 02 
9'2 
$2 
s3 
94 
93 

2 
7 

94 

103 

1 l? 
115 
109 
l&S 
104 
116 
119 
115 

9 
0 

112 

105 

107 

1W 
127 
93 
lO!l 
118 

1 a5 
9!4 
109 

7 
2 

1 WJ 

10s 

iin 

111 
9 3  
.so 
!XI 
106 
106 
115 
W 
103 

G 
3 

1 E  

lo? 

114 
la 
92 
92 

9s 
88 
111 
98 

3 
6 

96 

97 

106 

112 
&I 
140 
92 
92 
107 
131 
123 
120 

YS I 13 
101 13 

114 , IS 

16 

I01 I 17 

130 I 19 

Msona ................ 
California.. ............ 
Nevada ................ 

Idaho .................. 
Montana ............... 
Utah.. ................ 
wyormng ............. 

c&Z0Lii.. ......... ........... 

1SW January. 
1897 Janusry. 
1 . W  Mnrrh. 

Y2 111 

I1 E 
5 :I I ; I::::::: 

109 I ....... 
I 

lo5 I ....... 

1 1 
7 s 
94 93 

96 95 

NoTE.-Phase 1 of the Padflc Group oceun sin~iiltaneoiuly with pliaw 7 of tho Eastern. 
1 Last year for all data 1913. 

TABLE K-Haliw of miir fa l l  datn for Orcqoii, W;zshiiigto~i, Utah. .Vfiwdn. aird Wyoniing. by phases. 
[Not enough data to divide from other four States 01 this group.] 

SECOND HALF. FIRST HALF. 
. ..... -~ ~ - 

Section. 

Ore on ............. 95 128' 99 111 120' 118 93 SZ 0: lli 94' BY/ S.i 93 105 Oregon ............. 
W&gton ... :....I lo? 1181 W 1011 109 109 lBll S1 S2' ll?' 113' i 4 ,  9U 91. YS 
Utah ............... 100 1011 61 991 loo1 100 115 s-4 100 7~1 911 llUl i Y  l3l: r3.l ............ 1% 1161 95 91 951 113 70; 89: . IW 93 ljgl wl "J 11~2 145 Nevada 1 1 1 ~ I "', I ~~arhiiigton ........ 

Utah ............... 
Nevaria.. .......... 

Y2UI - I  106 1IN Wyoming .......... Wyoming .......... 1oj 1011 103 $41 941 114, 1011 84 116, Ss! 

M a n  ............... ................ 
Smoothed .......... .......... 

TABLE 9.- Kairifall dota of (kn t rd  C h i c p ,  by phasrs, irioiibered tlir same as Eusteni Group. 
- 

Y 

Total 
umbe 

of 
rycles 

in 
word. 

17 
20 
18 
17 
17 
17 
18 
29 
31 
16 
li 
17 
20 

month First. year of data.1 and 14 I 15 3 4 in 11 

- 
116 
1110 
97 

105 
111 
9; 
95 

102 
1U5 
92 
95 
100 

in1 

- 
99 
94 
90 
XR 
s4 
IS 
104 
101 
92 
1uz 
123 

9s 
ins 

in2 
101 
85 
103 
98 
102 

1IU 
112 
(r3 
57 

1Oi 

in3 

go 

- 

101 
101 
9; 
100 
07 

104 
102 
1111 
100 
89 
YS 
013 
87 - 

Y4 
92 
99 
119 
114 

93 
101 
lllj 

125 
116 
110 

in7 

ins 

ArkDnsas .............. 117 110 
Missouri ............... 10s 1oj 
Iowa ................... 9'2 102 
Wisconsin. ........... 1 96 1 117 

1Q1 Januarv. 
1893: Jonunfy. 
1890 January. 
1991' January. 
1991: Januarv. 
1S1, November. 
I890 Jnnuarg. 
1876' Jonuarv 
1S7: Januarj-: 
lS93. Jsnuarv. 
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- - - -. . . . - - - 
Eastern Gmip wholedata .________._______. 

First halfdata Eastern Oronp ________. .  
Second halfdais, Eastern Group .__..___ 

PsclficGroup ____._______________._________.  

TABLE lO.-Hannpnic analysis of rainfall cunles: unsmoothed 
amplitudes. 

.- . - . - . . . - . .. . 

39' . So ! 11-1' I 251' 3.4' 
27 , 11s I 105 ! !273 2% 
47 ; 57 ' 127 219 1 38 
27 I 7a 1 13s I 3a3 wj 

I I 

PER CENT OF NORMAL FROM MINIMUM TO MAXIMZW. 
- __ . - - - -. . . . . - - _. . . . - - - _- .- -. - - 

Harmonics. 
- . . . -. -_ .. . 

I 

Eastern Group, whole da1.a . .___________ ._ .._ 17.2 1 X. S ' 10. n R 2 -1.2 
First half data, Esterti Group. .. . . . . . . . 13 G ' 9 6 13.6 I 6.2 I 10.0 
Second half dnta. Eastern G r o w . .  . . . . . .I 21:O I 11:u I ai .  R 1 6.7 0.G 

Pacific Groop. ... . . ___. . . . . . . __. . . .-. . __. . . . .I 1.1. o I 4.7 I ,IS. n I 4.3 1 $. 2 
~ ~ 

GNSYOOTRED PH.\SES AT EPOCH OB PHASE 1 O F  CPWVES.  

SMOOTHED AMPLITUDES, PER CENT OF NORhIAL FROM hfINIhfUhf TO 
YASIWUM. 

Eastern Group wholedata .__........______. 16.1 I 6.4 6.6 1.0 0.2 
First half data. Eastern Group. _ _  _. _. ._. 13 0 1.G 0.4 
Second half data, Eastern Group. __ .  . _ _  .I lis ~ t :  I 2; 1 1.5 0.0 

Pacific Group _...___.____._.___._______.____ I 13.2 4.0 7.0 1.3 0.0 

- ...- . - 

SMOOTHED PHASES AT EPOCH OF PHASE 1 OF CURVES. 

85' 1130 %SO 1030 
First halfdata Eastern Omup ..__._.__. 116 105 27s 3 E  
Secondhalfda~8,EasternGrolip _.___._. 57 1 12.9 1 222 

207 
I 13s , 3OLl 

1 -  313 Paciflc Group ..._________________.__________ 

Eastern Group whole data ... . . . . . -. . . . . . . . . 

DISCUSSION. 

By C. F. MARVIN. 

If we understand Mr. Alter's dainis correctly, he em- 
braces the idea advocat.ed by Mr. Clough, namely, that 
the duration of the sun-spot period is variable: that, is, it 
is systematically lengthened and shortened. Wit,h this 
principle as a basis in conjunction with Wolfer's values of 
the epochs of sun-spot maxima and minima and by 
means of a gra hic integration representcd by his dia- 
gram, figure S, %r. Alter arrives at the highly vwiablc 
values of the length from year to year of the sun-spot 
period beginning about 1847. One-ninth of t>liis period, 
stated in months, then, becomes the vctrinble length of 
the alleged cycle in rainfnll. By methods, detmls of 
which are made clear, the rainfall clltta of the Weat.her 
Bureau for ractically the entire United Stnt,cs nre 

upon a very im ortant period or cycle, both in sun-spot 

States. Acceptance of Mr. Alter's conclusions at  once 
commits one to his claim that he has established as 
more or less probable that sun spot-teclness or some re- 
lated solar activity is a t  least one factor in trlie control of 
United Stat.es rainfall. 

In  order that the reader may be spared a.ny uncertainty 
of mind, the writer may say frankly, at  talle outset of this 
discussion, that he is convinced that little if any thing at  
all as to a cycle in rainfall or a connection between rain- 
fall and sun-spots is proved by the investi ation. 

analyzed, an c r  M i .  Alter seems coiivincccl that, he lias hit 

numbers and a P so in rainfall sequences in the United 

The discussion may proceed under the fo 7 lowing topics: 
(1) The proposition is irra.tiona1. 
(2) The quantitative basis of fi re 8 (variable length 

(3) TKe method of layout of data and coniput.ntion of 
results introduces glaring sources of error and uncer- 
tainty. 

of sun-s ot period) is hypothetica Fl and inadequate. 

(41 Least square methods, in so far as they are brought 
to hear on the roblem, have n limited significance. 

Only a very brief discussion o f  these topics is now 
possible. 

(1) The proposition is bration.al.-A great deal is 
already known wit.11 reference to the definite physical 
causes of rainfall, its distribution both as to continental 
area and as to topogmphg, also as to t.inie and the march 
of seasons. We nilty fairly S H . ~  that practically every 

wit.hin the United States. is intimntely associated wit 
feat'ure of t.he occurreme of precipitation, 

the general circulation of the atmosphere and the se- 
quences of c.yclones and anticyclones. How can we be 
convinced that t,he features wliich appear in Mr. Alter's 
results are not very laraelv or entirely caused by the 
uneliminnt,ed fent.ures or r'ainfe.11 dependent upon t.he 
general circulntion OI the air ? 

The sim le niet,hod of t,abulation of highly composite 

mitted to exclude and otheiwise wholly eliminate ex- 
traneous influences, except, possibly, when the number 
of observations is very great, and even then it must be 
demonstrated a s stematic residual from one cause or 

There can not be anything unique or magical in a 
changeable period of time, which shall constantly be 

(5) The rai nF all dnta are seemin ly heterogeneous. 

data in co f unins employed by Mr. Alter can not be ad- 

another is not inc P uded. 

one-ninth of a hypothetically changing sun-spot period. 
Ot,her integral fractional parts correspondin to the re- 
mainin S digits, as nlso many ot.lier multip K es and sub- 

on the probabilities ani1 possibilities of t e situation. 
If the reality of any one of these is admitted, on what 
basis can the others be rejecked, and what is the con- 
sequence of the acceptance of all? This line of thought 
leads esactly to the same consequences as when we 
recognize that any succession of vmiable values can be 
represented more or less esactly by a Fourier series. It 
map be demonstrated that the origiml data are 'the 
summation of the several component elements into 
which they may be analyzed, but this is of no signifi- 
cance whatever as indicating the real physical esistence 
of any or all of the components. 

Of course, science is either inductive or deductive. 
While the absence of an entirely rational cause or ex- 
planation of certain assumed or suspected relations does 
not justify rejection of the hypothesis, nevertheless, on 
the other hand, purely inductive results, or fragments of 
results, without a basis of rationality, must necessarily 
be viewed with ske tic.isni, or their yhysical reality 
must be demonstratec P by incontrovertib e proofs. 

(2) &.uan.tilialivr basis of -figure S .i.Q ,inadepate.-Prob- 
ably every student of sun-spot data has recognized the 

fl multip H es, have an equal claim 011 our ima inations and 


